In this review, we describe recent advances in the field of RNA regulatory biology and relate these advances to aging science. We introduce a new term, RNA surveillance, an RNA regulatory process that is conserved in metazoans, and describe how RNA surveillance represents molecular cross-talk between two emerging RNA regulatory systems-RNA interference and RNA editing. We discuss how RNA surveillance mechanisms influence mRNA and microRNA expression and activity during lifespan. Additionally, we summarize recent data from our own laboratory linking the RNA editor, ADAR, with exceptional longevity in humans and lifespan in Caenorhabditis elegans. We present data showing that transcriptional knockdown of RNA interference restores lifespan losses in the context of RNA editing defects, further suggesting that interaction between these two systems influences lifespan. Finally, we discuss the implications of RNA surveillance for sarcopenia and muscle maintenance, as frailty is a universal feature of aging. We end with a discussion of RNA surveillance as a robust regulatory system that can change in response to environmental stressors and represents a novel axis in aging science.
Introduction
An emerging theme in the biology of aging over the last decade is the prominent role gene regulatory pathways that are conserved among metazoans (Partridge and Gems, 2002; Tissenbaum and Guarente, 2002) . For example, caloric restriction, insulin-signaling pathways, and stress response pathways use common homologous genes to modulate longevity in nematodes, flies, and mammals. Age-associated declines in muscle mass and muscle strength (Sarcopenia) (Fisher, 2004; Karakelides and Nair, 2005) are also a common feature in metazoan lifespan (Herndon et al., 2002) . While post-translational protein-based mechanisms are broadly utilized in gene regulation and recognized to play a role in aging, notably Sirtuin deacetylases (Guarente, 2007) , transcription factors (e.g., FOXO/DAF16, Lee, 2001 ) and apolipoproteins (e.g., apoE, Louhija et al., 1994; Seripa et al., 2006) , there is a growing interest in the role of RNA regulatory mechanisms that potentially influence aging. The role of the "RNA World" as encompassing more than a messenger of the DNA genetic code was first championed by Walter Gilbert in 1986 and has since been well established, with multiple RNA based regulatory and enzymatic activities now recognized. In this review we discuss, based on both published and our own preliminary data, how environmental perturbations (e.g., stress ligands, microenvironmental cues) can induce a regulatory system of RNA ଝ A contribution from the Longevity Consortium, a multi-investigator research initiative supported by NIH contract 5U19AG023122 and AG032498.
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surveillance, which we define as the interaction between a class of RNA editing (RNAe) and RNA interference (RNAi) genes (Fig. 1) , and how this RNA regulatory system may represent a novel axis with influence on aging.
MicroRNAs are a component of the RNAi pathway and have been identified in organisms across the evolutionary spectrum, including plants, mammals, invertebrates, and viruses (Bushati and Cohen, 2007) . Many previous studies evaluating microRNA expression have observed age-associated expression patterns in distinct organisms and tissue (Lund et al., 2002; Murphy et al., 2003; Weindruch et al., 2002) , suggesting that changes in gene expression are driven by evolutionarily conserved mechanisms of aging (see Fig. 1 ). Although age-associated changes are apparent, there is very little information on the potential role for microRNAs in age-related declines in function, despite the growing literature on the role for microRNA in specific gene regulation programs. In addition to RNA interference (RNAi) mediated gene-silencing by microRNA, a second RNA regulatory system is RNA editing. RNA editing enzymatic activity has the capacity to generate functional diversity in proteins (e.g., altered translated product) and in microRNA (e.g., via edited miR sequence). This activity has been described to influence multiple biological processes that include synaptic transmission (Schmauss and Howe, 2002) , innate immune response (Yang et al., 2003) and muscle function (Keegan et al., 2005) . The biochemical mechanism for enzymatic modification of multiple RNA targets has been well described (reviewed in (Bass, 2002; Valente and Nishikura, 2005) , including editing of miRNA (Yang et al., 2006) . Interestingly, both loss-of-function and gain-of-function in levels of RNA editing activity are deleterious, suggesting that cell-type or organ specific set points in
